Introduction
Brain processes involved in both facial identity recognition (FIR) and facial emotion recognition (FER) have been the subject of a large field of research that began with Darwin. 1 These are innate abilities that enable us to properly interact with the environment. Facial expressions contain emotional cues that allow us to identify the six basic emotions: anger, disgust, fear, happiness, sadness and surprise. 2 The correct interpretation of emotions expressed through the face allows us to adapt our behavior to the circumstances of a social interaction. There is a controversy regarding the degree to which culture influences the expression and recognition of facial emotions. It has been historically postulated that communicating through facial expressions is universal [3] [4] [5] ; however, recent work suggests that expression and visual processing of FER differ for Western and Eastern people. [6] [7] [8] [9] In recent years, there has been an increasing interest in FER deficits for a wide spectrum of disorders, such as Parkinson's disease, [10] [11] [12] Alzheimer's disease, 13 multiple sclerosis, 14 Turner syndrome, 15 autism, 16, 17 Williams syndrome, 18 schizophrenia, 19 depression 20 and antisocial personality disorder. 21 In the epilepsy field, FER deficits in patients with mesial temporal lobe epilepsy (MTLE) are well known. Initial studies conducted in the 1990s revealed specific impairment of fear recognition in a patient with bilateral amygdala damage, 22 but not in six patients with unilateral damage. 23 Several years later, the same deficit was described in patients after right anteromedial temporal lobectomies. 24, 25 Thereafter, these deficits were also confirmed in pre-surgical MTLE patients, both children and adults, suggesting early damage without progression due to aging.
emotional prosody 29 and musical recognition. 30 Anteromedial temporal structures, mainly the amygdala, play a key role in decoding emotions, especially fear, [31] [32] [33] but other brain regions also contribute, including the anterior insula, thalamus, orbital frontal cortex or somato-sensory cortex. 32, 34, 35 The amygdala is activated a few milliseconds after the presentation of a fearful face, 36 and it also has been implicated in other cognitive tasks such as trustworthiness and judgment. 37 Few studies have focused on other types of epilepsy. In one study, patients with extratemporal lobe epilepsy scored similarly to healthy controls in FER. 26 Idiopathic generalized epilepsy (IGE) patients showed a deficit in fear recognition compared with nonepileptic controls. 38 The first step to FIR and FER is passively performing a visual scan over a face. Studies relating FER and eye movements 7, [39] [40] [41] [42] [43] suggest that there are key facial areas (eyebrows, eyes and mouth) whose movements reveal information to help identify emotions. 43, 44 Thus, an appropriate visual scanning pattern will presumably lead to a correct recognition. This strategy implies a preserved function of neural networks that manage eye movements and are implicated in the control of visual attention, including amygdala. 45, 46 Indeed, one patient described by Adolphs et al. 23 focused her gaze in the mouth area instead of the eyes. There are few studies relating visual scanning patterns with FER in patients with autism spectrum disorders. 47, 48 Our main aim was to study both FIR and FER of patients with the two most prevalent epileptic syndromes and its correlation with their visual scanning strategy. Patients diagnosed with MTLE and IGE were compared with a control group. Our preliminary goal was to compare different syndromes within each group: right, left and bilateral MTLE; epilepsy with generalized tonic-clonic seizures alone (GTCA), absence epilepsy (AE) and juvenile myoclonic epilepsy (JME); however, the recruitment was lower than we initially expected. Thus, to gain statistical power, we decided to analyze MTLE and IGE patients as unitary categories.
A secondary endpoint was to determine the correlation between those skills and baseline cognitive status in these epileptic patients.
Methods

Participants and control group selection
Patients were enrolled from June 2011 to September 2012 at the Epilepsy Unit of Clinica Universidad de Navarra (Pamplona, Spain).
The ethics board of the Clinica Universidad de Navarra approved the study protocol and all participants gave written informed consent. Diagnosis of MTLE and IGE was established through clinical history, EEG recordings and MRI findings. Inclusion criteria were age between 18 and 65 years and being native Spanish speakers to ensure the understanding of instructions and labels for facial emotions and correct near acuity vision. Exclusion criteria included the intake of three or more antiepileptic drugs (AED) including benzodiazepines, brain surgery, ophthalmologic disorder, diagnosis of mild cognitive impairment or dementia and current depression or intake of antidepressants or neuroleptics.
The MTLE group included 10 patients with left temporal lobe damage, 8 with right side involvement and 1 with bilateral lesion (10 drug resistant; 9 drug responsive). All had amigdalohippocampal sclerosis in the MRI, without other epileptogenic lesions. Of those in the IGE group, 10 were diagnosed with GTCA, 5 with JME and 5 with AE. Healthy volunteers served as controls and were recruited from the community. All met the exclusion criteria indicated above, adding that they had not had any history of epilepsy, neurologic or psychiatric illnesses, and they were not taking any medication with action over central nervous system.
There were no significant differences in sex ratio and age between control and patient groups. Comparing the MTLE and IGE groups, significant differences were found in age (32.7 AE 9.4 years in IGE, 41.9 AE 10.6 years in MTLE; p = 0.008) and age at first seizure (13.3 AE 6 years in IGE, 20.6 AE 13 years in MTLE; p = 0.035). Evolution of disease and AED intake did not show significant differences. Years of education was higher in the control group than in the IGE and MTLE groups, but statistical significance was only reached with MTLE patients (post hoc t test, p = 0.002). These data are summarized in Table 1 .
Baseline cognitive status
Participants completed a neuropsychological evaluation to establish the cognitive baseline for each group. This assessment included tools to establish a global overview on cognitive functions (Mini-Mental Status Exam, which includes spatial-temporal orientation, short-term memory, attention, language and visuospatial construction 49 Phonetic word fluency consisted of saying words starting with the letter ''p'' for 1 min (except person or country names) and semantic word fluency required the individual to name animals for 1 min. Years of formal education were also recorded as an indirect marker of cognitive background.
Facial identity recognition (FIR) task
To determine the ability of participants to identify individuals expressing neutral facial expressions, we used the standardized Benton Facial Recognition Test (BFRT). 55 It comprises Previous studies have performed this test without time limits. 15, 38, 56 However, we limited the time to avoid participants' overtiredness (they remained immobile during the test because their simultaneous eye tracking was being recorded) and to improve performance. After preliminary tests with healthy volunteers, we decided to show image A for 5 s and image B for 10 s.
Facial emotion recognition (FER) task
This task was carried out with pictures from the Ekman&-Friesen series. 2 It comprises an array of 60 black-and-white photographs of faces depicting basic emotions. Emotions were expressed by 10 models, 4 males and 6 females. Pictures were presented to participants using the same software used for BFRT, one at a time in random order, the same for every participant. Images were displayed on the computer screen for 5 s, and participants were required to say aloud as quickly as possible the emotion that best described the face. Subjects selected a choice among six different verbal labels, which were the six main emotions: anger, disgust, fear, happiness, sadness and surprise.
The next picture appeared after the response. If the response was delayed for more than 5 s, the image disappeared, but a new photograph was not presented until a response was given. Responses were recorded manually by the same experimenter (Asier Gomez-Ibañ ez). Synonyms were accepted. The time gap between appearance of the picture and response was measured. Subjects were given only one trial to avoid a learning effect. As in identity recognition, eye movements during the emotion-decoding task were recorded.
Eye tracking recording
We continuously recorded eye movements and fixations during FIR/FER tasks using an iViewX TM Hi-Speed monocular eye-tracker sampling at 1000 Hz (ß SMI Sensomotoric Instruments). Participants sat 60 cm from a 37 cm Â 31 cm screen, with the head secured in a chin rest and a forehead bar to maintain a fixed viewing distance during recording. Before starting the experiments, the standard Eyelink calibrating procedure was launched. Pressing the spacebar, the experimenter began drift-correction while subjects looked at a central white dot on a black screen. Afterwards, another eight similar dots appeared recording eye position as participants fixated them. Viewing was binocular, but data were extracted from the right eye.
The BFRT and Ekman&Friesen series pictures were divided into two regions of interest (ROI): (1) the top region included the forehead, eyebrows, eyes and the top of the nose, and (2) the bottom region encompassed nostrils, mouth and chin. We used SMI BeGaze TM Analysis Software (ß SMI Sensomotoric Instruments) for analyzing fixations. This software extracts five parameters from each picture; four are related to fixations (number, total duration, mean duration of each one and percentage of total duration over the total viewing time) and one to entries (number). We selected the number of fixations, total fixation time and percentage of total duration over the total viewing time (represented as relative fixation time from here onward) because they resume eye movement's pattern followed in visual scan. Afterwards, we calculated a difference score by subtracting data obtained from the bottom region from those obtained in the top one. Positive scores indicated tracking predominance in upper facial region, and negative ones indicated tracking predominance in the lower region. 40 
Statistical analysis
Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) version 16.0; p values of <0.05 were regarded as significant. Distributions of the variables studied were compared using the Kolmogorov-Smirnoff test method. Of all variables measured, age, age at seizure onset, development of epilepsy, years of education, digit span test word fluency tasks (phonetic and semantic), facial identity and emotion recognition tasks had a normal distribution. However, AED intake, MMSE test, word list recall test, Trail Making Test (both A and B), time gap to response and eye-tracking parameters (number of fixations, total fixation time and relative fixation time) were not normally distributed. Clinical and demographic data among the three study groups were compared using analysis of variance (ANOVA) followed by Bonferroni correction for quantitative variables and x 2 for qualitative ones; the null hypothesis was that there were no differences between groups. We compared the normally distributed neuropsychological tests using analysis of covariance (ANCOVA) due to the potential effect of years of education in scores on the tasks and facial identity recognition and ER tasks with one-way ANOVA. Mann-Whitney U test was used to compare time gap response of different groups each other. Differences of eye-tracking pattern parameters between groups were analyzed through Kruskal-Wallis test. To test for correlations between neuropsychological test scores and both FIR/FER tasks, we used Pearson correlations for parametric variables and Spearman's rho for non-parametric ones. The null hypothesis in all statistical analyses was that there were no differences between groups.
Results
Baseline cognitive status
Preliminary analysis revealed no statistically significant differences between right and left-sided MTLE. Analyzing MTLE patients as a group, differences were observed when compared with controls in word fluency (p < 0.001), digit span (p < 0.001) and Trail Making Tests (p = 0.008 part A, p = 0.003 part B). The IGE group performed worse than controls in all tests, but a significant difference was only observed in word fluency (p < 0.001) and Trail Making Tests part B (p = 0.024). Though the IGE group scored better on all tests than the MTLE group, these differences were not statistically significant. There were no significant correlations for neuropsychological tests and number of AED intake. All neuropsychological test scores are detailed in Table 1 .
Facial identity recognition (FIR) task
Percentages of correct FIR were 78% in controls, 70.7% in the IGE group and 67.4% in the MTLE group. Because there was no significant interaction between level of education and the BFRT scores (F 2,57 = 1.237, p = 0.298), we performed a one-way ANOVA test, which showed significant differences between groups (F 2,58 = 5.106, p = 0.009). Post hoc comparisons between all groups revealed only an impaired FIR in MTLE patients compared with controls (p = 0.009).
Facial emotion recognition (FER) task
Epileptic patients performed worse than controls in FER task (82.7% controls, 74.3% IGE group and 73.4% MTLE patients). Because educational level was higher in the control group, we performed one-way ANCOVA with years of education as a covariate, Ekman&Friesen series score as dependent variable and control, IGE and MTLE groups as fixed factors. We found a difference in accuracy of FER (F 2,58 = 3.479, p = 0.037) between groups. Post hoc comparisons revealed that both IGE and MTLE groups had impaired FER compared with healthy volunteers, without differences between them. In addition, there was a significant correlation of Ekman&Friesen series scores with neuropsychological tests for verbal fluency (r = 0.524, p < 0.001 phonetic; r = 0.542, p < 0.001 semantic) and identity recognition (r = 0.510, p < 0.001). They still remained significant after correcting for multiple comparisons.
Individual emotions recognition was also analyzed (Fig. 1 ). There were differences between groups for recognition of fear ( showed that, compared with controls, MTLE patients had statistically significant differences in identifying fearful (p = 0.009) and disgusted (p = 0.03) faces, whereas IGE patients had statistically significant differences in disgusted faces (p = 0.005) and nearly statistically significant differences in fearful (p = 0.05) faces. With respect to time gap, healthy volunteers' response time was delayed by 3.1 s, IGE patients by 3.3 and MTLE ones by 3.7. Globally, differences were statistically significant when comparing MTLE with the control group (U = 5.893, p = 0.001) and MTLE with IGE group (U = 5.715, p = 0.03). Time-gap decreased for all groups in correct responses (2.9 s in control and IGE, 3.4 in MTLE) and increased in incorrect ones (control 4.4 s, IGE 4.5 and MTLE 4.9).
Comparing MTLE and control groups, time gap was statistically significant for right and wrong responses (p = 0.01 in right ones, p = 0.02 in wrong ones); however, MTLE and IGE groups differed only in right responses (p = 0.016).
Eye tracking recording
Visual scanning patterns used for FIR differed among the three groups. Healthy volunteers paid more attention to the bottom facial areas (0.3% more fixation time than in top area). Nevertheless, IGE and MTLE patients fixated more to the top area (10% and 12%, respectively, more fixation time than in bottom area). However, these differences were not statistically significant, and there was no correlation with BFRT scores.
With regard to FER, Table 2 summarizes the results. The most important findings were that all three groups spent more time looking at the top than at the bottom facial areas: healthy volunteers spent 506 ms more in top region than bottom one, IGE patients spent 329 ms more, and MTLE subjects spent 252 ms more. Focusing on relative fixation time, healthy subjects spent 19% more of the time looking at top area than bottom one, whereas IGE spent 12% more, and MTLE spent 9% more. Nevertheless, these differences were not statistically significant. When examined individually, all emotions follow the same pattern of top-region predominance, except for anger and disgust in MTLE patients. In Fig. 2 , we show the visual scanning pattern of one individual from each group during recognition of a fearful face.
These differences were not statistically significant and had no correlation with Ekman&Friesen series scores for any aspect of visual scanning in any group or specific emotion.
Discussion
The main goal of this study was to assess FIR and FER in adults with MTLE and IGE and to determine the visual scanning pattern involved during recognition. A secondary goal was to study the correlation between these skills and the baseline cognitive status.
Facial identity and emotion recognition (FIR-FER) tasks
Compared with healthy subjects, our results point to impaired FIR in patients with MTLE, along with FER deficits in both patients with MTLE (mainly fear) and IGE (mainly disgust).
Regarding the FIR impairment in MTLE patients, we found two potential elements that could explain it: executive dysfunction and attention. The statistically significant differences between MTLE and controls were observed in tasks that measured both cognitive functions (Trail Making and phonetic word fluency). Another potential and related reason could be chronic AED intake, which can interfere with cognitive function. Meletti et al. 27 did not find differences between controls and MTLE in a facial discrimination task, but because they did not use BFRT, the outcomes are not comparable with our results. Previous studies have demonstrated FER impairment in MTLE patients, especially fear, [26] [27] [28] or after antero-mesial temporal lobectomy. 57, 58 The main mesial temporal structures damaged in MTLE patients are the hippocampus and amygdala. The amygdala, along with the orbitofrontal cortex, is a key player in the FER process. It modulates visual attention to emotional stimuli 45, 46 through the ventral visual processing pathways in the fusiform and occipital cortex, 59 triggers previously acquired knowledge about the emotion and generates a response to that emotion within the individual. 32, 45, 46 The hippocampus is critical for memory encoding of the knowledge about the meaning of a facial expression. 32, 60 Therefore, FER deficits are expected in patients with lesions affecting these areas. Another potential reason could be the additional FIR impairment in MTLE, but we could not demonstrate that because the faces used for both FIR and FER tasks were different. Compared with previous studies, scores of our patients in the Ekman&Friesen series were lower, probably due to the way that the pictures were presented. A possible reason may be that they showed stimulus faces on paper sheets and without a time limit, whereas we displayed them on the computer screen for 5 s, requiring a fast answer. Additionally, the participants' heads were fixed to record eye movements, adding difficulty to the test. Unlike MTLE, FER in IGE patients has been less well-studied. Reynders et al. 38 observed a deficit in fear recognition in a sample of only 10 patients. We evaluated 20 patients and, in addition to a deficit in fear recognition, we identified an unexpected and more severe deficit for disgust recognition, not previously described. This deficit was also observed in MTLE patients but was weaker than the deficit in fear recognition. Disgust and fear emotions seem to be different ways of responding to a threat; the first is associated with an internal defense system and the latter with an external one. 61 Functional imaging studies in healthy subjects suggest that the insula and basal ganglia play a critical role in recognizing disgust, which are also affected by Huntington's disease, [62] [63] [64] [65] and a secondary role for left fusiform gyrus and right thalamus. 34 Both disgust-and fear-recognition deficits in IGE patients could be related to the dysfunction of thalamocortical pathways involved in generalized seizures and the interactions between those pathways and amygdala. 38 We also found two issues related to time until response: (a) it was longer when subjects failed, and (b) MTLE patients showed a delay compared with IGE and control subjects. These findings should be interpreted with caution because the response time could be influenced by the reaction time of the participant, even though it was the same individual. Our results suggested that FER is a fast process, unlike the deep scanning of a face; moreover, spending too much time examining a face leads to mistakes, and likely reflects difficulties in decision making. 40 Therefore, FER mistakes seem, as expected, more related to over-examination of facial features than to impulsivity when answering. Additional factors could explain the longer response time seen in MTLE patients, such as higher age, lower cognitive status or AED intake.
Eye-tracking pattern
As a whole, we found subtle differences in visual scanning patterns when identifying faces and emotions among patients with MTLE, IGE and healthy controls; however, these differences were not statistically significant.
Regarding FIR, healthy subjects, who performed BFRT the best, fixated equally on the top and bottom regions of the face; on the other hand, epileptic patients, who had a lower score, fixated more on top region than on the bottom. These results most likely suggest that facial recognition requires a global scanning of facial features. One study showed longer fixation time on the lower face for FER vs FIR in healthy subjects; however, the only emotions presented to participants were anger and happiness, 39 two emotions for which the lower face is critical for their recognition. 44 We should take this comparison with caution because the images used for identifying faces or FER in our study are not the same. Visual scanning strategy was different when subjects were asked to identify faces without emotions. All participants focused more on the upper face to process emotions, but MTLE patients' scan pattern was more diffuse, with fewer and longer fixations on the upper face, and multiple fixations of shorter duration on the lower face. IGE patients' pattern was an intermediate one between the MTLE and the healthy participants. Therefore, the group with the worst FER (MTLE) performed a less accurate and more diffuse scanning over the face, spending less time fixating on the more emotional area, the eye region. 66 This scan pattern was reported in one patient with bilateral amygdala damage. 23 Although the differences observed in our study and in this case report suggest a role for the amygdala in eye-tracking performance for FER, these findings were not statistically significant and, thus, strong conclusions cannot be drawn. Total fixation time difference between the top and the bottom facial areas was very similar in controls and MTLE patients for anger and disgust, with a slight bias toward the top area. However, when examining the number of fixations, we observed that MTLE patients had more fixations in bottom area (short fixations in many points), despite spending more time looking at the top one (sampling more information from selected points). This pattern has been described in older people 41 with poorer executive function 40 and in those with FER deficit. 42, 67, 68 As previously mentioned regarding impairment in FER, MTLE patients also had executive dysfunction compared to controls. Therefore, it can be hypothesized that executive dysfunction disrupts normal visual scanning, leading to incorrect identification of facial emotions because key information from the face required to recognize them is not correctly extracted. Furthermore, an alteration of frontal cognitive function with decision making difficulty has been described in patients with JME. 69, 70 Attention, a domain also examined with the Trail Making Test, is also potentially affected in MTLE and, to a lesser degree, IGE patients in our sample. Lack of attention likely plays a role in a more diffuse visual scanning pattern because the subject is not able to focus on specific key points. Attention can be impaired in MTLE patients because the amygdala, which is also damaged in our patients, modulates visual attention, as mentioned previously. Once again, however, because our data did not reach statistical significance, we have not been able to confirm our hypothesis, although the results showed a trend.
Conclusion
In summary, our results showed impairment of FIR in MTLE patients compared with controls, along with FER deficits in both epileptic groups. FER deficits were more evident in MTLE patients, specifically fear, but in IGE, mainly for disgust. Visual scanning patterns in epileptic patients differed from the control group, which could interfere with FER skills, although these findings were not statistically significant. Among the three groups, the time spent looking at the upper face was longer than at the lower face; however, the smallest difference was found in MTLE patients, specifically when faces expressed fear or disgust; the IGE group was in an intermediate position between MTLE and control group. While the fixations in upper face were fewer and longer in all participants, MTLE patients spent more time than controls performing many short fixations in the lower part of the face, indicating a diffuse scanning. MTLE patients also showed FIR impairment. Results in healthy volunteers showed a different visual scan strategy than the one observed in FER, with a more diffuse scan of the face. All patients had an impaired visual strategy in this task as well.
Disturbances in the visual scan strategy for faces in epileptic patients probably influence the FER. We hypothesize that changes in executive function and attention could also play a key role in this dysfunction. We think they point to a trend that should be confirmed with more in-depth neuropsychological evaluation in a larger cohort because our data were statistically not significant due to low number of participants.
Further studies are required therefore, to determine differences between patients with right or left temporal lobe epilepsy, not found in our study due to small sample size because results of previous studies have shown that those with right side damage have more difficulties in FER. 26, 57 Differences between types of generalized epilepsy will also increase the understanding of the mechanisms responsible for the impaired FER, which are not well understood.
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